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ABSTRACT
We introduce the log(Hα/[S ii]λλ6717+6731) vs. log(Hα/[N ii]λ6583) (S2N2) diag-
nostic diagram as metallicity and ionisation parameter indicator for H ii regions in
external galaxies. The location of H ii regions in the S2N2 diagram was studied both
empirically and theoretically. We found that, for a wide range of metallicities, the S2N2
diagram gives single valued results in the metallicity-ionisation parameter plane. We
demonstrate that the S2N2 diagram is a powerful tool to estimate metallicities of
high-redshift (z ∼ 2) H ii galaxies. Finally, we derive the metallicity for 76 H ii regions
in M33 from the S2N2 diagram and calculate an O/H abundance gradient for this
galaxy of -0.05 (±0.01) dex kpc−1.
Key words: H ii regions – galaxies: abundances – galaxies: individual: M33 – galaxies:
high-redshift
1 INTRODUCTION
Chemical abundances of the ionised interstellar medium
in our own and in external galaxies are commonly stud-
ied by analysing the emission line spectra of their H ii re-
gions. This task is relatively straightforward if the lines
for the electron temperature determination can be mea-
sured directly from the observations. However, these auro-
ral lines (like [N ii]λ5755 or [O iii]λ4363) are usually too
faint to be detected for distant H ii regions, and espe-
cially in high metallicity regions. This has woken an in-
terest in having abundance indicators based on strong
lines only. The use of these strong-line methods was pio-
neered by Pagel et al. (1979) and Alloin et al. (1979), fol-
lowed later by numerous studies from different authors. The
lines most commonly used are oxygen ([O ii]λλ3727,3729,
[O iii]λλ4959,5007), nitrogen ([N ii]λ6583), and sulphur
([S ii]λλ6717,6731, [S iii]λλ6312,9069,9532), normalised to
the hydrogen lines (Hαλ6563, Hβλ4861) (Kewley & Dopita
2002). Recently, Stasin´ska (2006) presented two new oxy-
gen abundance indicators based on argon and sulphur lines:
[Ar iii]/[O iii] and [S iii]/[O iii].
In this paper we study the log(Hα/[S ii]λλ6717+6731)
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vs. log(Hα/[N ii]λ6583) diagram (referred to as S2N2 in
the following) as a metallicity indicator. This diagram
was introduced by Sabbadin et al. (1977) as a useful tool
to separate galactic planetary nebulae (PNe), H ii re-
gions, and SNRs from each others, and was later ap-
plied to Herbig-Haro objects by Canto´ (1981), to galac-
tic PNe by Garc´ıa-Lario et al. (1991) and Riesgo & Lo´pez
(2005), and to extragalactic PNe by Magrini et al. (2003).
Raimann et al. (2000) found a correlation between [N ii]/Hα
and the metallicity for a sample of H ii galaxies. A sim-
ilar correlation was found by van Zee (2000) for a sam-
ple of dwarf galaxies and extra-galactic H ii regions, and
was further studied by several authors (e.g. Denicolo´ et al.
2002; Kewley & Dopita 2002; Melbourne & Salzer 2002;
Pettini & Pagel 2004; Maier et al. 2005; Nagao et al. 2006).
Diagrams combining [N ii]/Hα with [O iii]λ5007/Hβ have
been used in object classification by e.g. Contini et al.
(2002); Maier et al. (2005); Groves et al. (2006), and
Stasin´ska (2006). The [N ii]/Hα ratio has been used to
determine ionisation parameter and metallicity in com-
bination with several line ratios: [O iii]λ5007/Hβ (e.g.
Dopita et al. 2000; Kewley et al. 2001), ([O ii]λ3727 +
[O iii]λλ4959,5007)/Hβ (R23) (Melbourne & Salzer 2002;
Lilly et al. 2003), and [O iii]λλ4959,5007/[O ii]λ3727 (O23)
(e.g. Lilly et al. 2003). On the other hand, Denicolo´ et al.
(2002) demonstrated that the [S ii]/Hα line ratio is also
correlated with the metallicity in a sample of H ii re-
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Figure 1. The loci of Galactic H ii regions, SNRs and PNe (Sabbadin et al. 1977) in the S2N2 diagram. The Galactic H ii regions occupy
a very limited area in this diagram (the box labelled H ii). Over-plotted is our sample of 205 extragalactic H ii regions in Local Group
galaxies coded according to the metallicity of their parent galaxies, in the following way: 7.30 6 12 + log(O/H) 6 8.06 (stars), 8.06 <
12 + log(O/H) 6 8.40 (triangles), 12 + log(O/H) > 8.40 (filled circles).
gions and galaxies. The use of a diagram combining
[S ii]λλ6716,6731/Hα with [O iii]/Hβ in object classifi-
cation has been examined by e.g. Contini et al. (2002)
and Stasin´ska (2006). The use of the same diagram for
abundance and ionisation parameter diagnoses was stud-
ied e.g. by Dopita et al. (2000), and Kewley et al. (2001).
Pe´rez-Montero & Dı´az (2005) provide an analysis of the
ranges of validity and average uncertainties for several line
ratios used in nebular metallicity studies.
Delgado et al. (2005) first introduced the use of the
S2N2 diagram for metallicity and ionisation parameter diag-
noses for extragalactic H ii regions. Moustakas & Kennicutt
(2006) studied whether there was a difference between in-
tegrated spectra of galaxies and the spectra of individ-
ual H ii regions when plotted in this diagram. Recently,
Dopita et al. (2006) used the S2N2 diagram, among many
others, for abundance diagnostics. They calculated time-
dependent photo-ionisation models of individual H ii regions
and compared the models with H ii region data from differ-
ent authors.
In this paper we further explore the use of the S2N2 dia-
gram for abundance and ionisation parameter diagnoses. We
show that the diagram gives single valued results for a wide
range of metallicities. A comparison of empirical H ii region
data with photo-ionisation (CLOUDY) model abundances
is made, and a good fit between data and the models is found
up to the highest abundances expected for H ii regions. We
also demonstrate that the S2N2 diagram is powerful enough
to determine metallicities for high-redshift (z ∼ 2) galax-
ies using current near-infrared spectrographs, and sensitive
enough to measure with reasonable accuracy the O/H radial
abundance gradient in M33.
2 OBSERVATIONAL DATA
2.1 Sample selection and properties
We have collected data for all H ii regions in the Local Group
galaxies for which adequate information about the emission
lines needed was available. Data showing errors in the log-
arithmic line ratio (log(Hα/[N ii] or log(Hα/[S ii])) greater
than 0.15 dex were discarded. In the case of H ii regions
with various measurements from different authors, the most
accurate measurements were adopted. Data for the galax-
ies Sextans A, Sextans B and NGC3109 were also included,
although these galaxies are probably members of a small as-
sociation of dwarf galaxies located just at the outskirts of
the Local Group (Magrini 2006). In addition, the sample
includes new data for 64 H ii regions in M33 published re-
cently by Magrini et al. (2007). Our final sample consists
of 13 galaxies with a total of 205 well-measured H ii re-
gions. The sample galaxies, their magnitudes, O/H abun-
dances and distances are presented in order of decreasing
O/H abundance in Table 1. The data for the galaxies are
adopted from van den Bergh (2000) except for Gr8 for which
the magnitude and O/H abundance measurements are from
van Zee et al. (2006), for EGB0427+63 (Hodge & Miller
1995) and for NGC 3109 (Richer & McCall 1995). The dis-
tance measurement for M33 is from Freedman et al. (1991).
Data for individual H ii regions and the corresponding ref-
erences are given in Table A1.
Our sample is, in summary, limited to Local Group
galaxies, i.e. to relatively nearby objects, so avoiding bi-
ases towards the brightest H ii regions or to H ii galaxies.
Only spatially resolved H ii regions are included, and the
contribution from stars, clusters, and the diffuse ionised gas
c© 2007 RAS, MNRAS 000, 1–7
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Figure 2. The H ii region sample as in Fig. 1, over-plotted by the grid of photo-ionisation models. Labels indicate the values for the
ionisation parameter (5.3× 105 < q < 9.5× 108) and oxygen abundance (7.4 < 12+log(O/H) < 8.9) used.
along the line of sight is minimised in the spectra. The
sizes of the H ii regions vary from compact to giant ones,
and the sample coverage in luminosity and metallicity is
broad: the galaxy magnitudes range from MV = -21.2 (M31)
to MV = -10.7 (SagDIG), and the metallicities vary from
12+log(O/H) = 7.3 (Gr8, Leo A) to 12+log(O/H) = 9.0
(M 311). These can be compared to the less metallic H ii re-
gion known, 1Zw18-NW, with a metallicity of 12 + log(O/H)
= 7.07 (Izotov & Thuan 1999), and to the most metal rich
H ii regions in spiral galaxies, with 12 + log(O/H) ∼ 8.9
(Pilyugin et al. 2007).
2.2 The S2N2 diagram
The sample H ii regions were plotted into the original
Sabbadin et al. (1977) diagram (Fig. 1) binned into three
groups, according to the metallicity adopted for their host
galaxies: 7.30 6 12 + log(O/H) 6 8.06, 8.06 < 12 +
log(O/H) 6 8.40, and 12 + log(O/H) > 8.40. The error
bars (given in Table A1) are not plotted since they are
smaller than, or about the same size as, the symbols. Fig. 1
shows that i) the extragalactic H ii regions are not located
in the same region as the galactic ones (in contrast to extra-
galactic PNe, which roughly overlap with the galactic ones,
1 this value given in van den Bergh (2000) may be an overesti-
mation considering the recent studies about the maximum metal-
licity in spiral galaxies, i.e. Pilyugin et al. (2007). See Sect. 3.
Table 1. The properties of the galaxies used in this study
Galaxy MV 12 + log(O/H) Distance [kpc]
M31 -21.2 9.00 760
M33 -18.9 8.40 840
LMC -18.5 8.37 50
IC 10 -16.3 8.20 660
NGC 6822 -15.96 8.14 500
NGC 3109 -15.80 8.06 1400
SMC -17.07 8.02 59
IC 1613 -15.3 7.86 725
WLM -14.4 7.74 925
Sextans B -14.3 7.56 1320
Sextans A -14.2 7.49 1450
Leo A -11.54 7.30 690
Gr8 -12.5 7.30 220
Magrini et al. 2003), and ii) there is a clear correlation be-
tween the locations of the H ii regions in the diagram and
their metallicity, so that as the metallicity increases, both
the S2 and N2 line ratios decrease.
3 PHOTO-IONISATION MODELLING
H ii regions were modelled using the photo-ionisation code
CLOUDY C06.02 (Ferland et al. 1998), assuming a spheri-
cal cloud ionised by a single central source of Kurucz (1979,
1991) line-blanketed LTE atmosphere with a temperature
c© 2007 RAS, MNRAS 000, 1–7
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of 45000 K. The electron density was assumed to be 100
cm−3, a typical value for giant extragalactic H ii regions
(Stasin´ska 2004). A filling factor of 0.001 was used, based
on a study by Mun˜oz (2001), who determined the filling fac-
tor for 73 H ii regions in the galaxies NGC 3359 and NGC
7479. For the inner and outer radii of the cloud the default
values of CLOUDY were used implying a thin bubble-like
cloud surrounding the central object and making the geome-
try basically plane-parallel. All the chemical elements except
the nitrogen were assumed to be of primary origin, i.e. they
were scaled according to oxygen. Nitrogen was assumed to
be partly primary and partly secondary and it was scaled
as [N/O] = 0.08 + [O/H] (Denicolo´ et al. 2002) which is in
accordance with the observed behaviour of N/O with O/H
(Henry et al. 2000). The Orion nebula dust properties were
assumed and, as a starting value, Orion nebula abundances
were used. With these input parameters a grid of models was
calculated for various values of the ionisation parameter and
metallicity, and the results are shown in Fig. 2. Further mod-
els with higher and smaller densities (5000 cm−3/10 cm−3),
different shapes for the ionising sources (blackbody contin-
uum/Kurucz), different filling factor values, up to = 1, and
cloud sizes and geometry were calculated. In general, the
overall changes with respect to the grid of models shown in
Fig. 2 were small, with differences . 0.15 dex in the model
metallicities.
Fig. 2 shows that, for most of the area occupied by the
H ii regions, the modelling predicts single valued metallic-
ity and ionisation parameter diagnoses. Only at the high-
est metallicities and lower ionisation parameter, some fold-
ing is present. It is interesting to notice that our modelling
gives single valued results down to ∼ log(Hα/[N ii]) = 0,
while e.g. Melbourne & Salzer (2002) have shown that at
log(Hα/[N ii]) < 0.45 the nitrogen line ratio alone ceases
to be a good metallicity indicator. The model metallicities
agree well with the average values adopted for the different
galaxies (Table 1), except for the highest abundances where
CLOUDY predicts lower abundance values. In particular,
the O/H abundance of M31 is quoted as 12 + log(O/H) =
9.0 by van den Bergh (2000) but most of the H ii regions of
M31 occupy a region between 8.4 and 8.8 in Fig. 2. This sug-
gests that the O/H abundance adopted by van den Bergh
(2000) for M31 could be significantly overestimated, as it was
the case for other spiral galaxies studied by Pilyugin et al.
(2007). These authors found a maximum metallicity of 12 +
log(O/H) = 8.87 for the H ii regions located at the bulges of
the most metal-rich spiral galaxies (see also Bresolin et al.
2004; Pilyugin et al. 2006).
We have compared the O/H abundances estimated
through the S2N2 ratio to the abundances calculated by
Magrini et al. (2007) for 14 H ii regions in M33 (using the
empirical ICF method) and by Magrini et al. (2005) for H ii
regions in Sextans A (8 regions) and Sextans B (7 regions)
using CLOUDY modelling. The median differences in 12 +
log(O/H) between the two sets of measurements were 0.24
for Sex A, 0.13 for SexB, and 0.20 for M33, and they do
not show any systematics. Considering the quoted errors in
the direct O/H abundance determination (> 0.1 for Sextans
A and B and 0.04-0.25 for M33; Magrini et al. 2005, 2007),
these discrepancies seem acceptable.
We have explored the use of the S2N2 indicator for
high redshift HII galaxies in the sample of Shapley et al.
(2004). These authors estimated the O/H abundance of sev-
eral galaxies at z =2.1-2.5; the objects are therefore located
at the so called “redshift-desert” (1.4 < z < 2.5) where
there were virtually no previous determinations of the H ii
region metallicities. These are crucial objects indeed since
that epoch may host the production of a large fraction of
the heavy elements present in the local universe. At these
redshifts the lines needed for the S2N2 diagram are observ-
able in the near-infrared (K-band). We have derived the
O/H abundances for the two galaxies in the Shapley et al.
(2004) sample for which both the nitrogen and sulphur lines
were measured with good accuracy: Q1623-MD 66 (z = 2.1)
N2 = 0.77; S2 = 0.61, and Q1623-BX 453 (z = 2.2) N2
= 0.52; S2 = 0.75 (Shapley et al. (2004), and private com-
munication by Dr. Shapley). We get 12 + log(O/H) = 8.3
(MD 66) and 8.7 (BX 453), to be compared to the corre-
sponding measurements by Shapley et al. (2004), based on
Pettini & Pagel (2004) and Denicolo´ et al. (2002) N2 cali-
brations, giving 8.5 and 8.6, respectively, for MD 66, and
8.6 and 8.7, respectively, for BX 453. It is clear that the
three sets of measurements differ, albeit the main results
of the Shapley et al. (2004) study hold: both galaxies show
a high metallicity (in the case of BX 453, comparable to
the most metallic nearby spirals) with MD 66 being oxygen
poorer than BX 453. In the case of MD 66, our O/H abun-
dance is 0.2-0.3 dex lower than in Shapley et al. (2004). It
should be noted that our modelling would permit both the
Pettini & Pagel (2004) and Denicolo´ et al. (2002) O/H val-
ues for this galaxy if only the nitrogen line ratio would be
considered. The sulphur line ratio helps fixing better the
metallicity (see Fig. 2). On the other hand, as mentioned by
Shapley et al. (2004), their O/H measurement for BX 453
may be affected by the saturation of [N ii]/Hα - O/H diag-
nostic at high metallicities. Our modelling shows saturation
only at N2 . 0, and should not thus affect the derived O/H
abundances for the galaxies in question here.
One important issue with all O/H measurements in un-
resolved distant galaxies is, as Shapley et al. (2004) note,
that the diffuse interstellar medium in each galaxy (DIG)
can make a significant contribution to the observed spectra.
According to Moustakas & Kennicutt (2006), the presence
of a strong DIG decreases both the N2 and S2 ratios and
would thus lead to overestimating the metallicity.
4 THE O/H GRADIENT IN M33
Many galaxies show radial abundance gradients, with the
metallicity decreasing from the centre towards the edge of
the galaxy. One of the best galaxies to study the abundance
gradient is M33, for its closeness, wealth of H ii regions, and
adequate orientation (almost face-on). Vı´lchez et al. (1988)
derived a global abundance gradient of -0.12 dex kpc−1
for M33. This measurement was based on their own (di-
rect) abundance measurements in seven H ii regions, plus
H ii region and SNR abundance measurements by other au-
thors (see Vı´lchez et al. 1988, and references therein). Us-
ing H ii region data compiled from literature Garnett et al.
(1997) derived a similar O/H gradient of -0.11 dex kpc−1.
Monteverde et al. (1997) measured for the stellar (B super-
giant) oxygen abundance gradient a value of -0.16 ± 0.06 dex
kpc−1. However, a more recent estimation of Urbaneja et al.
c© 2007 RAS, MNRAS 000, 1–7
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Figure 3. The O/H abundance versus the galacto-centric distance for 76 H ii regions of M33. Filled circles: abundances derived from
our modelling. The solid line is the least square fit to these data. Open circles: abundances for 14 H ii regions measured by Magrini et al.
(2007) using the empirical method.
(2005) for a sample of 11 B-type stars yielded a smaller
value of -0.06 ± 0.02 dex kpc−1. Magrini et al. (2004) mea-
sured the chemical abundances for 11 planetary nebulae in
M33 and found an O/H gradient of -0.14 dex kpc−1, i.e.
in agreement with the H ii region gradient. Recent abun-
dance measurements of six H ii regions by Crockett et al.
(2006) show a gradient -0.012 ± 0.011 dex kpc−1, signif-
icantly shallower than the previous estimations. However,
based on a sample of 5 Beat Cepheids, Beaulieu et al. (2006)
inferred again a steeper gradient, -0.16 dex kpc−1. Finally,
Pe´rez-Montero & Dı´az (2005) have studied the M33 O/H
gradient based on data of ∼ 20 H ii regions (using both the
direct method and the empirical calibrator S23/O23) and
early type stars. Albeit they do not provide a numeric value
for the gradient, they conclude that the agreement between
empirical and direct abundance gradients for M33 is good.
Our data sample includes 76 H ii regions in M33, most
of which are new measurements by Magrini et al. (2007).
O/H abundances for all of them were individually deter-
mined with the modelling described above. As for their
galacto-centric distances, Magrini et al. (2007) provide co-
ordinates for the centres of the H ii regions in their sample,
while for the rest of the regions the coordinates are given
in Kwitter & Aller (1981). We adopt an inclination angle of
53◦, position angle of major axis of 23◦ and a distance of
840 kpc. The H ii regions cover the galacto-centric distances
from 0.16 kpc up to 6.91 kpc thus approaching the galac-
tic edge until 0.7R25 (HyperLeda Extragalactic Database).
Fig. 3 shows the resultant oxygen abundances as a function
of the galacto-centric distances of the corresponding H ii re-
gions. A linear fit gives a value of 12 + log(O/H) = -0.05
(±0.01) dex kpc−1 + 8.60 (±0.05).
The errors in the metallicity estimations consist of un-
certainties in the modelling plus errors in the measured line
ratios. Due to the large number of parameters involved, re-
alistic errors in the modelling are difficult to estimate. As
mentioned in section 2.1, changing the model input parame-
ters to their extreme values can lead into differences of 0.15
dex in the Oxygen abundance. However, for a given model,
an error of 0.04 dex in the line ratios (most H ii regions in
our sample have errors smaller than this) causes an error
typically of ∼0.1 in 12 + log(O/H). On the other hand, er-
rors in the galacto-centric distances are small, around 0.1
kpc (Magrini et al. 2007). These error-bars are shown in the
right-down corner of Fig. 3.
The mean deviation of our data points from the best fit
line in Fig. 3 is 0.17 dex. The error bar shown in Fig. 3 plus
the possible uncertainty caused by the modelling (0.15 dex,
see above) are then enough to explain this scatter. However,
there may also exist a real scatter in the abundances. This
could be caused by localised gas infall and ineffective mixing
or spatially asymmetric chemical enrichment in the galaxy
(for theoretical discussion, see Roy & Kunth 1995). These
points would certainly be interesting for a detailed future
study.
Finally, the oxygen abundance gradient calculated
here can be compared to the corresponding gradient by
Magrini et al. (2007), based on 14 H ii regions with di-
rectly measured (ICF) abundances. These measurements are
presented in Fig.3 as open circles. Their gradient is -0.06
(±0.01) dex kpc−1 + 8.53 (±0.05), i.e. in excellent agree-
ment with our determination in this paper. However, our es-
timation of the metallicity at the centre of M33 is 0.10 higher
than the corresponding value by Magrini et al. (2007).
c© 2007 RAS, MNRAS 000, 1–7
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5 CONCLUSIONS
We have shown that the Hα/S[ ii], Hα/N[ ii] (S2N2) diagram
is a powerful metallicity and ionisation parameter indicator
for extragalactic H ii regions. A clear advantage of the S2N2
diagram is that the wavelengths of the lines used are close
to each other, and thus are not affected by uncertainties in
the reddening correction and in the calibration of the instru-
mental spectral response. The diagram gives unambiguous
results over a wide metallicity range. Furthermore, the dia-
gram is especially useful for studies of large samples of new
emission line objects of unknown nature, as it separates very
efficiently H ii regions, PNe, and SNRs from each others,
while enabling to estimate their O/H abundances. On the
other hand, the [S ii] lines are usually rather weak and may
thus not be detectable in all H ii regions, whereas the nitro-
gen lines are possibly influenced by the galaxy’s star forming
history through the evolution of the N/O abundance ratio.
At low and intermediate metallicities, the diagram is
single valued with respect to metallicity; at higher metal-
licities some folding is present. At the highest metallicities
there is also a discrepancy between the O/H abundances
predicted by the model and the empirical H ii region abun-
dances. However, these can be reconciled if the latter would
be significantly lower than previously believed, as proposed
by Bresolin et al. (2004) and Pilyugin et al. (2007).
Based on a sample of 76 H ii region measurements
(12 from the literature and 64 new measurements by
Magrini et al. 2007) we have revisited the abundance gra-
dient of M33. We derive for the gradient a value of -0.05 ±
0.01 dex kpc−1 in agreement with the recent direct measure-
ments by Magrini et al. (2007).
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Table A1. The H ii region sample in Local Group galaxies. The errors in the line ratios are given in brackets.
region log(Hα/[N ii]) log(Hα/[S ii]) reference region log(Hα/[N ii]) log(Hα/[S ii]) reference
M31
K59 0.74 (0.05) 0.66 (0.04) 1 K68 0.39 (0.03) 0.85 (0.03) 1
K70 0.51 (0.03) 0.49 (0.03) 1 K76 0.61 (0.05) 0.49 (0.03) 1
K78 0.57 (0.05) 0.52 (0.03) 1 K81 0.59 (0.05) 0.46 (0.02) 1
K87 0.47 (0.05) 0.46 (0.04) 1 K91 0.47 (0.03) 0.57 (0.03) 1
K92 0.46 (0.03) 0.47 (0.03) 1 K132 0.45 (0.02) 0.68 (0.02) 1
K145 0.42 (0.06) 0.46 (0.05) 1 K244 0.40 (0.03) 0.57 (0.03) 1
K250 0.45 (0.06) 0.66 (0.06) 1 K310 0.55 (0.05) 0.51 (0.04) 1
K314 0.42 (0.03) 0.42 (0.02) 1 K315 0.38 (0.06) 0.60 (0.07) 1
K330 0.46 (0.03) 0.548 (0.015) 1 K343 0.39 (0.03) 0.66 (0.02) 1
K353 0.24 (0.04) 0.28 (0.03) 1 K403 0.89 (0.07) 0.52 (0.03) 1
K414 0.49 (0.03) 0.55 (0.02) 1 K434 0.50 (0.06) 0.40 (0.03) 1
K442 0.61 (0.05) 0.92 (0.04) 1 K446 0.53 (0.04) 0.54 (0.03) 1
K447 0.41 (0.03) 0.62 (0.04) 1 K461 0.18 (0.03) 0.37 (0.03) 1
K480 0.45 (0.06) 0.59 (0.07) 1 K496 0.41 (0.03) 0.54 (0.03) 1
K525 0.43 (0.12) 0.46 (0.06) 1 K526 0.52 (0.03) 0.72 (0.02) 1
K536 0.45 (0.05) 0.42 (0.02) 1 K703 0.49 (0.04) 0.43 (0.02) 1
K722 0.46 (0.05) 0.74 (0.07) 1 K787 0.62 (0.04) 0.46 (0.02) 1
K838 0.53 (0.07) 0.46 (0.05) 1 K851 0.43 (0.12) 0.15 (0.06) 1
K877 0.42 (0.05) 0.57 (0.03) 1 K927 0.45 (0.02) 0.62 (0.02) 1
K931 0.46 (0.05) 0.36 (0.04) 1 K932 0.44 (0.06) 0.52 (0.04) 1
BA75 0.50 (0.04) 0.33 (0.03) 2 BA423 0.50 (0.03) 0.62 (0.02) 2
BA289 0.80 (0.03) 1.05 (0.05) 2
M33
CC93 0.54 (0.02) 0.51 (0.02) 3 IC142 0.69 (0.03) 0.77 (0.02) 3
NGC595 0.816 (0.012) 1.06 (0.012) 3 MA2 1.03 (0.03) 1.06 (0.04) 3
NGC604 0.902 (0.003) 0.887 (0.002) 3 NGC588 1.55 (0.03) 1.25 (0.04) 3
MA11 0.82 (0.04) 0.90 (0.04) 4 MA3 1.22 (0.04) 1.33 (0.04) 4
IC131 1.23 (0.04) 1.21 (0.04) 4 MA9a 0.92 (0.04) 0.84 (0.04) 4
IC133 1.39 (0.04) 1.41 (0.04) 4 IC132 1.6 (0.04) 1.39 (0.04) 4
BCLMP 275 0.94 (0.03) 0.75 (0.02) 5 BCLMP 272 0.87 (0.03) 0.44 (0.02) 5
BCLMP 273 0.89 (0.07) 0.54 (0.04) 5 BCLMP 266 0.97 (0.03) 0.69 (0.02) 5
BCLMP 263 0.83 (0.03) 0.507 (0.015) 5 LGC-HII-2 0.77 (0.02) 0.715 (0.013) 5
BCLMP 238 0.98 (0.03) 0.91 (0.04) 5 LGC-HII-3 0.945 (0.011) 0.851 (0.010) 5
BCLMP 240 0.95 (0.03) 0.73 (0.03) 5 BCLMP 289 0.93 (0.04) 0.63 (0.03) 5
BCLMP 218 0.934 (0.009) 0.731 (0.006) 5 BCLMP 258 1.09 (0.02) 0.73 (0.02) 5
BCLMP 288 1.02 (0.02) 1.03 (0.02) 5 MCM2000 Em 24 0.917 (0.012) 0.863 (0.015) 5
BCLMP 220 1.21 (0.02) 0.916 (0.012) 5 CPSDP 194 1.132 (0.005) 1.230 (0.006) 5
BCLMP 256 1.08 (0.03) 1.04 (0.02) 5 VGHC 2-22 1.031 (0.015) 0.969 (0.013) 5
BCLMP 618 0.891 (0.008) 0.825 (0.010) 5 CPSDP 103 0.89 (0.03) 0.66 (0.02) 5
BCLMP 638N 1.36 (0.02) 1.18 (0.02) 5 BCLMP 626 1.02 (0.02) 0.866 (0.014) 5
CPSDP 107 1.21 (0.04) 0.94 (0.03) 5 LGC-HII-4 0.83 (0.02) 0.89 (0.03) 5
BCLMP 45 1.112 (0.007) 1.135 (0.007) 5 BCLMP 207 0.52 (0.02) 0.117 (0.013) 5
BCLMP 640 1.18 (0.06) 0.83 (0.03) 5 BCLMP 55 0.94 (0.03) 0.74 (0.02) 5
CDL2004 52 0.617 (0.006) 0.582 (0.008) 5 CPSDP 221 0.786 (0.009) 0.885 (0.015) 5
LGC-HII-6 0.859 (0.007) 0.99 (0.02) 5 BCLMP 637 1.17 (0.02) 0.93 (0.02) 5
BCLMP 93 0.633 (0.006) 0.617 (0.008) 5 IC 142 0.717 (0.014) 0.68 (0.02) 5
BCLMP 759 0.93 (0.03) 0.74 (0.02) 5 BCLMP 4 0.829 (0.006) 0.985 (0.010) 5
GDK99 128 0.836 (0.003) 0.922 (0.005) 5 CPSDP 316 0.91 (0.03) 0.82 (0.03) 5
BCLMP 670 0.687 (0.012) 0.693 (0.014) 5 LGC-HII-7 1.09 (0.03) 0.96 (0.07) 5
VGHC-2-84 0.912 (0.005) 1.040 (0.009) 5 BCLMP 709 0.832 (0.010) 0.867 (0.014) 5
CPSDP 323 0.84 (0.02) 0.76 (0.03) 5 CPSDP 325 0.67 (0.05) 0.46 (0.06) 5
BCLMP 721 0.93 (0.03) 0.69 (0.02) 5 BCLMP 682 0.75 (0.03) 0.70 (0.02) 5
BCLMP 715 0.78 (0.02) 0.50 (0.02) 5 CPSDP 189 0.80 (0.06) 0.59 (0.05) 5
BCLMP 659 0.95 (0.03) 0.91 (0.03) 5 LGC-HII-8 0.89 (0.04) 0.62 (0.02) 5
BCLMP 680 0.70 (0.02) 0.64 (0.02) 5 BCLMP 717 0.950 (0.010) 0.880 (0.010) 5
LGC-HII-10 0.87 (0.03) 0.78 (0.02) 5 BCLMP 749 0.927 (0.012) 0.96 (0.02) 5
BCLMP 649 1.04 (0.03) 0.90 (0.03) 5 BCLMP 705 0.75 (0.03) 0.81 (0.06) 5
LGC-HII-11 1.16 (0.02) 1.00 (0.02) 5 MCM2000 Em 59 0.71 (0.02) 0.63 (0.02) 5
BCLMP 757 0.99 (0.02) 0.896 (0.012) 5 BCLMP 657 1.02 (0.04) 0.86 (0.04) 5
LGC-HII-12 0.91 (0.02) 0.77 (0.02) 5 BCLMP 754 1.01 (0.02) 0.67 (0.02) 5
LGC-HII-13 1.24 (0.05) 1.11 (0.06) 5 BCLMP 756 0.995 (0.014) 0.88 (0.02) 5
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Table A1 – continued
region log(Hα/[N ii]) log(Hα/[S ii]) reference region log(Hα/[N ii]) log(Hα/[S ii]) reference
LMC
N160A1 1.18 (0.04) 1.10 (0.04) 6 N160A2 1.19 (0.05) 1.13 (0.05) 6
N159-5 1.13 (0.04) 0.95 (0.03) 6 N157B 1.11 (0.05) 0.73 (0.03) 6
N11A 1.23 (0.04) 1.14 (0.05) 6 N83B 1.10 (0.03) 1.04 (0.03) 6
N79A 1.08 (0.03) 1.02 (0.03) 6 N4A 1.33 (0.03) 1.25 (0.03) 6
30Dor1 1.74 (0.04) 1.62 (0.03) 7 30Dor2 1.78 (0.04) 1.49 (0.03) 7
30Dor3 1.56 (0.03) 1.53 (0.03) 7 30Dor4 1.35 (0.03) 1.26 (0.03) 7
NGC2079 1.29 (0.12) 1.12 (0.11) 7 IC2111 1.11 (0.07) 1.06 (0.09) 7
N157 1.53062 1.43861 8 N159 1.28913 1.12494 8
N8 1.39 (0.03) 1.20 (0.03) 9 N11B 1.28 1.11 10
IC 10
HL106a 0.92 (0.06) 0.62 (0.03) 11 HL106b 1.16 (0.06) 1.03 (0.06) 11
HL111b 0.96 (0.03) 0.72 (0.02) 11 HL111c(WR) 1.31 (0.09) 1.12 (0.02) 11
HL111e 1.09 (0.04) 0.81 (0.02) 11 HL30 1.07 (0.08) 0.84 (0.06) 11
HL45 1.48 (0.05) 1.172 (0.011) 11 HL111d+e 1.25 (0.07) 1.11 (0.08) 11
HL77 1.2 (0.1) 1.03 (0.09) 11 IC10(1) 1.42 (0.03) 1.21 (0.03) 12
IC10(2) 1.39 (0.03) 1.26 (0.03) 12
NGC6822
Ho11 1.27 (0.15) 1.03 (0.15) 13 HuX 1.74 (0.10) 1.30 (0.07) 13
HuV 1.71 (0.07) 1.38 (0.03) 13 Ho14 0.86 (0.10) 0.80 (0.11) 13
Ho13 1.28 (0.08) 0.76 (0.06) 13 Ho15 1.50 (0.15) 1.20 (0.08) 13
HuV 1.75 (0.02) 1.386 (0.013) 14 HuX 1.60 (0.03) 1.21 (0.02) 14
HK16 0.91 (0.13) 0.45 (0.06) 15 Ho12 1.03 (0.09) 0.27 (0.03) 15
HuV 2.31 (0.04) 1.45 (0.03) 15 Kalfa 2.09 (0.06) 1.49 (0.02) 15
KD28e 1.61 (0.07) 1.11 (0.08) 15
SMC
N88A 1.73 (0.03) 1.47 (0.03) 6 N66 1.67 (0.05) 1.22 (0.04) 6
N12A 1.48 (0.06) 1.08 (0.06) 9 N12B 1.66 (0.06) 1.06 (0.06) 9
N22 1.57 (0.06) 1.23 (0.06) 9 N25 1.37 (0.06) 1.02 (0.06) 9
N76SW 1.49 (0.06) 0.94 (0.06) 9 N83 1.47 (0.06) 1.17 (0.06) 9
N90 1.53 (0.06) 1.24 (0.06) 9 NGC346 1.873 (0.005) 1.365 (0.003) 16
N81 1.66 (0.12) 1.4 (0.1) 17
WLM
WLM1 1.43 (0.09) 0.85 (0.04) 18
SextansA
HSK2 1.60 (0.12) 0.94 (0.04) 19 HSK3 1.57 (0.14) 1.06 (0.06) 19
HSK7 1.54 (0.10) 1.05 (0.04) 19 HSK9 1.41 (0.08) 0.94 (0.04) 19
HSK16 1.59 (0.11) 0.89 (0.03) 19 HSK19 1.47 (0.13) 0.85 (0.03) 19
HSK23 1.40 (0.07) 0.96 (0.03) 19 HSK24 1.45 (0.13) 0.79 (0.04) 19
SextansB
SextB1 1.38 (0.09) 0.91 (0.03) 17 SextB3 1.44 (0.14) 0.85 (0.04) 17
SHK2 1.318 (0.014) 0.804 (0.013) 19 SHK3 1.15 (0.07) 0.54 (0.02) 19
SHK5 1.60 (0.05) 0.95 (0.03) 19 SHK6 1.10 (0.11) 0.44 (0.04) 19
SHK7 1.13 (0.04) 0.77 (0.03) 19 SHK10 1.20 (0.02) 0.812 (0.011) 19
HIIH 1.50 (0.04) 0.92 (0.02) 19 SextB 1.62 (0.12) 0.84 (0.11) 20
LeoA
-101-052 1.89 (0.10) 1.18 (0.04) 21 -091-048 1.58 (0.08) 1.10 (0.05) 21
+069-018 1.52 (0.07) 0.98 (0.05) 21 +112-020 1.62 (0.04) 1.02 (0.03) 21
Gr8
-019-019 1.52 (0.03) 1.01 (0.03) 21 -013-032 1.30 (0.05) 0.76 (0.04) 21
-012-022 1.53 (0.03) 0.97 (0.03) 21 -002-012 1.34 (0.03) 0.74 (0.03) 21
+001-008 1.52 (0.04) 0.82 (0.03) 21 +001+027 1.55 (0.05) 1.01 (0.04) 21
+004-006 1.37 (0.03) 0.81 (0.02) 21 +008-011 1.46 (0.03) 0.99 (0.02) 21
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Table A1 – continued
region log(Hα/[N ii]) log(Hα/[S ii]) reference region log(Hα/[N ii]) log(Hα/[S ii]) reference
IC 1613
IC1613.13 1.32 (0.11) 0.87 (0.07) 22
NGC 3109
NGC3109.6.6 1.24 (0.12) 0.92 (0.08) 22
References: (1) Galarza et al. (1999)a, (2) Blair et al. (1982), (3) Vı´lchez et al. (1988), (4) Kwitter & Aller (1981),
(5) Magrini et al. (2007), (6) Vermeij et al. (2002), (7) Peimbert & Torres-Peimbert (1974), (8) Dufour et al.
(1982),(9) Dufour & Harlow (1977), (10) Tsamis et al. (2003), (11) Richer et al. (2001), (12) Lequeux et al. (1979),
(13) Pagel et al. (1980), (14) Peimbert et al. (2005), (15) Lee et al. (2006), (16) Peimbert et al. (2000), (17)
Hunter & Hoffman (1999), (18) Skillman et al. (1989), (19) Magrini et al. (2005), (20) Moles et al. (1990), (21)
van Zee et al. (2006), (22) Lee et al. (2003)
a Galarza et al. (1999) present line measurements with various apertures, covering different parts of the H ii region
or the whole complex in their sample. We have used the fluxes corresponding to the whole complex, when available,
or to the brightest zone in each region.
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